scopic observations, always important to the patient and physician when heart disease is suspected, gain significance only by correlation with information gained by other methods. Isolation or over-emphasis of roentgenologic observations is as a sentence read out of context. The recognition of a pattern might well be called interpretation. The "coeur en sabot" heart, fondly thought of by many as diagnostic of the tetralogy of Fallot, assumes an entirely different significance in the absence of cyanosis, or in the presence of left ventricular dominance as shown by an electrocardiogram. Should we discard a medical finding because of lack of specificity when, basically, it is the recognition of its relation to the pattern that actually makes it significant?
Certain roentgenographic technics, such as angiocardiography, kymography, and retrograde aortography, have not enjoyed as broad a sphere of usefulness as the heart film or fluoroscopy. The importance of these technics lies in the very specific, though limited, information they yield. At times they constitute the key to the differentiation of one entity from the other. We should not like to argue the question of whether the already assembled or the missing pieces of a jigsaw puzzle are the more important.
THE GROWING HEART
The size, shape, and beat of the heart and its vessels are products of its basic embryologic From the Departments of Radiology of The Childrens Hospital and Harvard Medical School, Boston, Massachusetts. 462 design and of its load, past and present. Radiologic examination of these features yields information on the structure of the heart and its load. In acquired heart disease of older children or adults, the recognition and interpretation of these changes is a relatively simple process. One assumes that the patient began life with a normal heart already well developed into four chambers, that this was followed by the development of normal left ventricular dominance, and that this pre-existing familiar picture was altered by disease. Whether there be valvular stenosis, insufficiency, or altered extracardiac work load (hypertension, traumatic arteriovenous fistula, and so forth), the heart responds by adding hypertrophy or enlargement to the known pre-existing pattern. Occasionally, one may see diminution in size (Addison's disease), but in all instances of acquired disease (as opposed to congenital malformations) there is an alteration of the normal adult four-chambered heart. Selective chamber enlargement is relatively easily recognized, and criteria are well established.
The course of events in the development of the normal heart is well documented. In utero, as at birth, the heart reflects the load of the fetal circulation, resulting in right and left ventricles of comparable size with right and left myocardium of equal thickness. Most normal fails to sustain fetal circulation, intrauterine death intervenes. As a result, most infants begin life with a heart of approximately the same external dimensions and configuration. Only those having primary myocardial disease, aortic atresia, and congenital arteriovenous aneurysms are the exceptions. Thus, roentgenograms will fail to distinguish the normal heart from the majority of hearts having congenital lesions at, or shortly after, birth.
When the lungs become aerated shortly after birth, after the foramen ovale ceases to function, and after the ductus closes, the pulmonary and systemic circulations are separated. The left ventricle gradually hypertrophies, paralleling the increased pressure of the systemic circulation. The left ventricle thus becomes heavier and larger, and thereby the dominant chamber of the heart. Normally, this trend probably persists throughout life, the left ventricle continuing to hypertrophy relatively more than the right until myocardial degenerative changes set in due to impaired circulation, fibrosis, or other factors, or until the load balance is altered by acquired valvular or pulmonary disease. Hypertension in the young adult simply aggravates this trend. It is evident that the size and configuration of the heart, despite a probable plateau in the middle span of life when it is relatively stable, is not static.
CARDIAC SIZE AND MENSURATION
No simple method of roentgenographic cardiac measurements has yet been devised which has proved to be of practical value in infancy and early childhood. The reasons are fundamental.' The standardization of the radiographic technic is too difficult to be a simple clinical procedure. The physiologic variations in size due to respirations within the individual exceed variations of pathologic significance for any given stage of the respiratory cycle. As the average child less than four years old will rarely hold the same degree of inspiration during roentgenologic exposure, this variation becomes critical. The majority of congenital cardiac abnormalities are associated with enlargement of a chamber, which is not readily reflected in a single diameter of the heart, particularly not the transverse diameter. A prime example is the tetralogy of Fallot.
CARDIAC CONFIGURATION
The shape of the heart is determined not only by its position, component chambers, and content, but by its own elastic resistance or muscle tone.
Criteria for enlargement of a chamber in acquired heart disease are readily available in radiologic texts. This is not true in congenital cardiac disease. In congenital malformations of the heart, development may be so abnormal as to bear no resemblance to the normal adult four-chambered organ. At times, one may be dealing with only one ventricle. Examples of this are a congenitally single ventricle with truncus communis, and tricuspid atresia or severe tetralogy of Fallot, where the'substance of the heart is predominantly one ventricle. In none of these is the enlarged ventricle superimposed upon a normal heart or even a normal opposite ventricle. In the tricuspid atresias, the right ventricle is congenitally rudimentary or is completely absent, while in the extreme types of tetralogy of Fallot, the left ventricle may remain essentially infantile in development as a result of the diminished load. In both of these examples the substance of the heart may be so overwhelmingly one ventricle, without a fully developed opposite ventricle, that the ventricular configuration loses its roentgenographic distinguishing characteristics. Thus, the roentgenologic appearance of the heart with these lesions approaches a common form. In this case, there are no universally applicable roentgenologic criteria of left and right ventricular enlargement.
In clinical medicine, one sees a patient more often who has a congenital heart defect which altered the extrauterine load on the heart and, thereby, its normal development. Here again, the usually accepted roentgenographic criteria of selective chamber enlargement are not applicable. In contrast to acquired heart disease, where chamber enlargement alters a pre-existing pattern, the heart fails to develop the adult chamber relationship.
The commonest stumbling block in evaluation of the heart shape in congenital heart disease is the recognition of right-sided enlargement. What In most of these, the pulmonary artery may be recognized, but it is usually small. In the narrowed or annular type of infundibular stenosis, a poststenotic dilatation of the distal infundibulum may at times be seen, representing almost a separate infundibular chamber. This is one of the rare examples where one recognizes enlargement of the pulmonary conus. It presents itself roentgenoscopically as a prominence or bulge of the cardiac contour just below the origin of the pulmonary artery and is best seen in a mild right anterior oblique projection. It lies considerably anterior to the prominence, often seen at the same level, produced by the left atrium.
Angiocardiography in Pulmonic Stenosis: Angiocardiography adds little of value in differentiating infundibular and valvular pulmonic stenosis, except when carried out as in Sweden by direct intracardiac injection and rapid serialographic roentgenography (10 to 12 films per second). '9' 20, 21 Septal Defects. Interauricular Septal Defect: Exceedingly small defects, although they may give rise to significant murmurs, may produce no change in the appearance of the heart. If the shunt is of sufficient magnitude to produce roentgenographic changes, right ventricular enlargement will always be recognized. Larger shunts will sooner or later be reflected by increased prominence of the pulmonary vascular markings, and there may be prominence of the atria, especially the right. There (table 2) . This equalization of the load on the right and left sides of the heart in the interventricular septal defect, patent ductus arteriosus, and aortic-pulmonic defect results in a picture which is roentgenographically, and at times clinically, identical, so that it is difficult to determine what the original lesion was. In fact, let us recognize that the physiologic changes in this group are the same; the anatomic site of the shunt is only slightly different. The development of this appearance, as a result of pulmonary hypertension in any intracardiac or extracardiac left-to-right shunt, with resulting reversal of the shunt and development of cyanosis, has loosely been called the "Eisenmenger physiology." This, of course, is based on a marked similarity in appearance and behavior. Because of the nonspecificity of the appearance, we would much prefer to indicate the change by that factor which is most important in bringing it about; namely, pulmonary hypertension. One might designate the condition, if the anatomic diagnosis is not known, as "cardiac enlargement secondary to left-to-right shunt, with pulmonary hypertension." The term "Eisenmenger's complex" could be dropped entirely, and in the acyanotic stage the lesion could be specified as "high ventricular septal defect with left-to-right shunt." When the peripheral blood in these cases becomes somewhat unsaturated, it might be specified as "high ventricular septal defect with pulmonary hypertension and rightto-left shunt." Such reversal of flow, long familiar in the high septal defects, has become recognized with increasing frequency in other lesions, especially in the patent ductus.40' 41, 42 That recognition of this physiologic change is exceedingly important is testified to by the fact that once pulmonary hypertension has FIG. 7. Diagram illustrating the slight anatomical differences resulting in a very similar physiology of the high ventricular septal defect, the patent ductus arteriosus, and aortic pulmonic defect (a, b & c). Due to the similarity of the load on the heart, the x-ray appearance may be identical for the three lesions (d). With the complication of increased pulmonary resistance and resulting pulmonary hypertension, the physiology is grossly altered, the shunt reversing to a right-to-left, (a1, b1 & c1) and this altered load is reflected by the balanced right and left ventricular enlargement, large pulmonary arteries and hilar shadows persist but the mid and peripheral lung fields show relative diminution in caliber (so-called Eisenmenger configuration d,). Tetralogy of Fallot. The roentgenologic appearance is determined by the degree of pulmonary stenosis and the functional degree of overriding of the interventricular septum by the aorta. Variations in the degree of the pulmonic stenosis or overriding of the aorta result in a wide range of appearances from that approaching a normal heart (in which the pulmonic stenosis is mild and the overriding minimal) to that of the extreme "coeur en sabot" (in which the pulmonary artery is atretic and the aortic overriding marked, that is, pseudotruncus). There are all intermediates.
As the ventricular enlargement is purely right and the left ventricle is either normal, or may be even somewhat hypoplastic, the enlargement is not reflected in the posteroanterior projection by an increase ill the transverse diameter of the cardiac silhouette. In fact, in moderate to severe cases, the heart may appear smaller than normal. The heavy right ventricle dips into the diaphragm and elevates the apex of the heart, accounting for the "sabot" appearance. The Generalizations on the clinical aspects, the course of the disease, the murmurs, the electrocardiographic findings, and particularly the roentgenographic appearance of the heart are not valid in transpositions. This is due to the fact that these will all be dependent on the associated defects which compensate for the transposition by permitting admixture of blood from the right and left sides of the heart.
One common observation will be the abnormal relationship of the base of the aorta and pulmonary artery to the heart, usually character 
